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INTRODUCTION 

This r epor t  includes the s t a t u s  of LEM Mass Proper t ies  as of 
The t o t a l  weight a t  Separation of 27718# is  246# March 15, 1964. 

heavier  than t h a t  shown i n  the previous r epor t  LED-490-6, Dated 
1 March 1964. 
and is  2128# below the  designated con t ro l  weight of 29500# a t  
Translunar In jec t ion .  Figures 1 and 2 i l l u s t r a t e  the  present  
r e l a t i o n s h i p  of LEM weight and performance capabi l i ty .  

The vehic le  meets t h e  requi red  performance ( A V) 

A summary of changes since the las t  r epor t  are as follows: 

A. Ascent s tage  I n e r t  * Weight +68 lbs.  
B. Ascent s tage  Propel lan t  - Increased I n e r t  Weight +56 lbs .  
C. Descent s tage  I n e r t  * Weight + 1 lbs.  
D. Descent s tage  Propellant - Increased Touchdown W t .  +121 lbs.  

+246 lbs .  Tota l  LEM Weight Change a t  Separation 

A more d e t a i l e d  breakdown of t h e  I n e r t  changes s ince  t h e  
l as t  r epor t  is included on page 33. 

LEM Allowable Stage Weight Apportionment (Figure 4)  has been 

The purpose of t h i s  curve is  t o  (1) provide an 
included i n  t h i s  r e p o r t  and w i l l  appear i n  a l l  subsequent Mass 
Property Reports. 
a id  f o r  evaluation of the  weight s t a t u s  for constant performance 
parameters and (2 )  provide a basis for Target weight apportionment. 

The two l i m i t i n g  i t e m s  a r e  t h e  propel lan t  tank capac i t i e s  of 
The ascent  tank capacity allows a 

The descent propel lan t  tank capacity allows 

t h e  ascent  and descent stages. 
maximum Lunar L i f t o f f  weight of 10500 pounds (o r  10511 pound ascent  
s t age  a t  touchdown). 
a maximum Separation Weight of 29870 pounds, which is  based on 
a LEM weight of 29500 pounds (unmanned) a t  Translunar In jec t ion .  

I n  addition, t o  providing t h e  r e l a t ionsh ip  f o r  t h e  maximum 
LEM separa t ion  weights, other separa t ion  weights have been included. 
The cu r ren t  weight s t a t u s  has been p l o t t e d  and as indica ted  i s  
p resen t ly  below the  m a x i m u m  l i m i t s  of t he  curve. 

Should t h e  f i n a l  I;EM weight f a l l  below t h e  l i m i t s ,  two 

(1) 

(2)  Add propel lan t  t o  increase  performance (i.e. for more 

p o s s i b i l i t i e s  e x i s t :  
E i the r  add more payload and propel lan t  t o  maintain 
performance, o r  

l una r  landing and launch f l e x i b i l i t y ) .  

* I n e r t  Weight includes all non-propulsion expendables. 
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If performance increase a re  desired,  then F i g u r e s 2  
and - 2 would ind ica te  the  addi t iona l  performance avai lable .  

In  order t o  complete a LEM Target Weight apportionment, 
GAEC requi res  addi t iona l  information about a l l  Government 
Furnished Equipment. 

Toward t h i s  end the  Contractor has attempted t o  compile 
d e t a i l s  of t he  Government Furnished Equipment Weight (See pg. 36) 
from a l l  ava i lab le  sources and has shown tha t  there  are weight 
va r i a t ions  from those o r ig ina l ly  designated by NASA. Some of 
t h e  rev ised  G.F.E. weights received from sources o ther  than ASP0 
are noted as being incorporated i n  t h i s  report .  

The Contractor i n v i t e s  NASA t o  comment on t h i s  l i s t  as  
shown, and confirm these weight t rends wherever possible .  
Revisions and comments t o  the o r i g i n a l  l i s t  should be sub- 
mit ted t o  GAEC by 15 Apri l  1964 i n  order t o  include these 
values i n  the  May 1 repor t  and a l s o  prevent fu r the r  delays 
i n  e s t ab l i sh ing  LEM Target Weights. 

A l i s t  of pending changes has been included t o  indicate 
items being considered f o r  the LEM vehicle ,  
f i n a l  d i spos i t ion  had not been reached a t  the t i m e  of t h i s  
report .  

bu t  on which 

This r epor t  is based on t h e  Mission Time P r o f i l e  and 
AV Budget used i n  the previous Mass Property Report, the  

LED-490-6, Dated 1 March 1964. 
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Condition 

Earth Launch 

Separation 

Touchdown 

Lunar L i f t -o f f  

Transfer Orbit  

Wlrnout (Docked) 

M I S S I O N  HISTORY OF WEIGHT AND PERFORMANCE 

1 March 1964 

Weight A V  Isp 

27,126 

} 7389 301 
27,472 

12,668 

9,121 }6373 306 

295 
4,718 

4,462 

1 A p r i l  1964 

Weight 

12,793 

A V  

7389 

9,245 }6373 

4,686 

4,530 
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1.0 
2.0 
3.0 
4.0 
5.0 
6.0 
-(*O 
8.0 
9.0 

i0.0 
1.1.9 
L2.0 

Table 3 

LEM WEIGHT BY STAGES 

AT EARTH LAUNCH 

Structure 
Stabilization & Control 
Navigation & Guidance 
Crew Provisions * 
ECS 
Landing Gear 
Instrumentation 
Electrical Power Supply 
Propulsion Inert 
Reaction Control 
Communication 
Controls & Displays 

ASCENT 
STAGE 

954.7 
73.1 
242.5 
148.2 
323.2 -- 
282.5 
810.9 
633.9 
870.7 
76.2 
264.4 

Totals - Inert 4680.3 

Add Main Propulsion 
A V  Propellant 4303.1 

Total - withAV Propellant 8983.4 

DESCENT 
STAGE 

935.9 
7.5 
10.0 

5.0 
170.6 
387.0 
235.0 
291.1 
1578.3 

20.6 
-- 
-- 

3641.0 

14747.2 

TOTAL 

1890.6 
80.6 
252- 5 
153.2 
493.8 
387.0 
517.5 
1102.0 
2212.2 
870.7 
96.8 
264.4 

8321.3 

19050 3 

* Without crew, suits, radiation dosimeter, etc. (426.2#). 
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Table 4 

MISSION PHASE AND 
CONSUMABLE DESCRIPTION 

JXM STAGE WEIGHT HISTORY 

ASCENT STAGE DESCENT STAGE TOTAL 
DRY IN-PROISELLANT DRY JaV-PROPELLANT WEIGHT 

I 1 I 

EARTH LAUNCH AND 
TRANSLUNAR INJECTION 

C r e w  and Equipment 
Water, Oxygen & Hydrogen 

SEPARATION 

Landing Flare  
Water, Oxygen & Hydrogen 
Descent AV Propellant 

- Main - RCS 
RCS- Att i tude Propellant 

LUNAR TOUCHDOWN 

S c i e n t i f i c  Samples & Equip. 
Je t t i soned  on Lurain 

LUNAR LIFT-OFF 

Water, Oxygen & Hydrogen 
Ascent AV Propellant 

- M&in - RCS 
RCS- Att i tude Propellant 

BURNOUT (DOCKING) 

WEIGHT WEIGHT WEIGHT WEIGHT 
(LBS.) (LBS.) (LBS.) (LBS.) (LBS.) 

4391.2 4581.7 3651.5 14747.2 27371.6 

+426.2 
-79 8 

4817.4 4581 7 3571.7 14747.2 27718.0 
-5.0 
-29 3 

-14747.2 
-28.2 

-115.2 

4702.2 4553.5 3537.4 1279 3.1 
+ 40.0 -210.0 - 51.0 -3327.4 

4691.2 4553.5 9244.7 
- 71.4 

-4303.1 - 250.4 
- 89.9 
4529.9 4529 s 
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Table 5 

LEM WEIGHT COMPARISON 
AT SEPARATION BY STAGES 

ITEM - XJBSYSTEM 
CODE - 

1. 

1.0 
,200 
3.0 
4.0 
5.0 
6.0 
7.0 

8.0 
9.0 

10.0 

11.0 
12.0 

9. 

1.0 
2.0 
3.0 
4.0 
5.0 
6.0 
7.0 

8.0 
9.0 

11.0 

Ascent Stage Weight at Separation 

Structure 
Stabilization and Control 
Navigation and Guidance 
Crew Provisions 
Environmental Control 
Landing Gear 
Instrumentation - Operational 
Electrical Power Supply 
Propulsion System 

- Scientific 

Propulsion Inert 
Propellant (Includes 50# trapped) 

Propulsion Inert 
Propellant (Includes 38.w trapped) 

Reaction Control 

Communications 
Controls and Displays 

Descent Stage Weight at Separation 

Structure 
Stabilization and Control 
Navigation and Guidance 
Crew Provisions 
Environmental Control 
Landing Gear - Fixed 
Instrumentation - Operational 
Electrical Power Supply 
Propulsion System 

- Scientific 

Propulsion Inert 
Propellant (Includes 166# trapped) 

Communications (Portable) 

Total Separation Weight (A & B) 

3/1/64 
WEIGHT 

9285 7 

924- 7 
74.6 

238.0 
574.4 

243.5 

817.3 
(4878.2) 

583.9 
4294.3 
(84% 1) 
322.3 

306.8 --- 

40.0 

524.8 
78.2 

262.9 

18186.2 

940.5 
7- 5 

10.0 
5.0 

112.3 
387.0 
25.0 

210.0 

CURRENT 
WE1 GHT 

9409.6 

954.7 
73.1 

242.5 
574.4 
323.2 --- 
242.5 
40.0 

810.9 
(4937.0) 

583.9 
4353.1 
(870.7) 
348.2 
522.5 
76.2 

264.4 

18308.4 

935.9 
7.5 

10.0 
5.0 

112.3 
387.0 
25.0 

210.0 
263.2 269.6 

(16205.1) (16325.5) 

14792.8 14913.2 
20.6 20.6 

1412.3 1412.3 

WEIGHT 

+123. g 

+ 30.0 
- 1.5 
+ 4.5 

0 
+ 16.4 

- 1.0 
0 

- 6.4 
(+58.8) 

0 
+58.8 

(+23 6 
+25 9 - 2.3 
- 2.0 
+ 1.5 

+122.2 

- 4.6 
0 
0 
0 
0 
0 
0 
0 

+ 6.4 
(+120.4) 

0 
+120.4 

0 

+246.1 
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1.0 

2.0 

3.0 

5.0 

7.0 

8.0 

DISCUSSION OF IIERT WEIGHT CHANGES BY 
STAGES SINCE LAST REPORT * 

Increment Weight Change 
Ascent 

Structure (+30*0) 
Incorporated docking drogue provision in 

docking tubes and added one docking drogue 
(12 pounds). 
5 pounds in upper hatch and 3 pounds in forward 
hatch. +20.0 

previously omitted, 

interstage mount structure. Included are 
improved joint designs. 

increment for redundant coolant loop. (See 

Provisions are estimated at 

Added descent engine gimbal actuator supports, 

Reconfigured descent tank support structure and 

Incorporated estimate of structural cold plate 

Environmental Control below). + 3.1 

Environmental Control. - 4.4 
structure based on more current information. +11.3 

Recoded non-structural cold plates to 

Revised estimate and distribution of ascent 

Stabilization and Control ( -  1.5) 

and Displays. - 1.5 
Recoded guidance coupler items under Controls 

Navigation and Guidance (+ 4.5) 
dated 2/15/64. + 4.5 
Revised MIT data per Rev. 17 of E-1142, 

Environmental Control (+16.4) 

coolant loop's volume estimate. + 2.0 
Increased coolant quantity based on current 

Incorporated estimate of redundant coolant 
loop per NASA Ltr. SE-5-63-245, dated 30 Dec. 
1963. (See structure above for added structu- 
ral cold plate increment. ) + 8.4 

cold plates. + 6.0 

Increased (1.6 pounds) and recoded from 
Structure (4.4 pounds) of non-structural 

Instrumentation (- 1.0) 
Incorporated vendor negotiated weight for 

PCMTE. - 1.0 
Electrical Power Supplx ( -  6.4) 

and for S-knd Erectable Antenna. - 6.4 
Staged cabling for VHF Lunar Stay Antenna 

Des cent Separat io1 

(-4.6) (+25.4) 

+20.0 

+15.2 +15.2 

+ 3.1 

- 4.4 
+1163 

( -  1.5) 

- 1.5 
(+ 4.5) 

+ 4.5 

(+16.4) 

+ 2.0 

+ 8.4 

+ 6.0 

( -  1.0) 

- 1.0 
(+ 6.4) ( 0 ) 

+ 6.4 0 

* Inert weight excludes A V  Propellant. 
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10.0 

11.0 

12.0 

* I n e r t  weight excludes D V  Propellant. 

Ascent 

(+25.9) 

- 5.0 

+24.9 

+ 6.0 

( -  1 - 5 1  

- 1.5 

(+ 1 .5 )  

+ 1.5 

-77 

Increment Weight Change 
Descent Separatior 

DISCUSSION OF INERT WEIGHT CHANGES BY 
STAGES SINCE LAST REPORT * 

Reaction Control 
Revised estimate for quad support t r u s s  

based on la ter  information. 
Incorporated weight increments f o r  CSM 

designed t h r u s t e r  chamber assembly (+21.7 
pounds ) and c l u s t e r  hardware (+3.2 pounds ) . 

Incorporated weight increase of quad 
support truss due t o  weight increase of CSM 
common usage t h r u s t e r  i n s t a l l a t i o n  assembly. 

Communications 

S-Band ERA u n i t  (+ .5 pound) and steerable 
antenna (-2.0 pounds) 

Incorporated vendors proposal weights for 

Eliminated t h e  reel fo r  t e l ev i s ion  cable. 

Controls and Displays 

S t a b i l i z a t i o n  and Control. 
Recoded guidance coupler items from 

Tota l  I n e r t  Weight Changes 

- 5.0 

+24.9 

+ 6.0 

( -  . 5 )  ( -  2.0 

- 1.5 
- .5 - .5 

(+ 1 - 5 1  

+ 1 .5  

+ 1.3 
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1.0 

3.0 

5.0 

5.0 

7* 0 

3.0 

9.0 

1.0 

PENDING CHANGES 

The following list is comprised of those items which are currently 
being considered for incorporation into the LEN vehicle. 

Increment Weight * 

Structure 

improve probability of no penetrations from: 
.1911 to -8103 or 

Navigation and Guidance 

estimate if justification of weight increase is 
acceptable to GAEC. 

Add micro-meteoroid shielding required to 

.1911 to ,995 

Incorporate vendor‘s rendezvous radar weight 

Environmental Control 

cartridges and the LEM type cartridges. 
Reconfigure LiOH loop to use PLSS type 

Landing Gear 
Reduce safety factor from 1.5 to 1.35. 

Instrumentation 
Eliminate emergency detection system 
Add ground support equipment connectors 

Electrical Power Supply 

modifying energy level and possible change in the 
fuel cell/battery configuration. 

Revise power generation system due to 

Propulsion 
Use super critical helium in lieu of gaseous 

to pressurize propellant tanks. 
Incorporate vendor’s propellant tank weight 

estimate if justification of weight increase is 
acceptable to GUC. 

Ascent 

+23.0 
+101.0 

+ 9.4 

- 4.0 

-10.0 
+50.0 

-60.0 

Communications 

in the addition of data links and changing of VHF per 
Increase in communication requirements resulting 

Ref. 16. +58.0 

* Note: Weights shown are not effective weights. 

Descent 

+18.0 
+135.0 

-15.0 

-320.0 

+ 4.8 
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GOVERNMENT FURNISHED EQUIPMENT 

The o r i g i n a l  guaranteed weights f o r  government furnished 
equipment were provided i n  NASA le t te r  S S S - L E M - ~ ~ - ~ ~ ,  dated 
25 February 1963. Table 6 is the  G.F.E. equipment as 
o r i g i n a l l y  designated t o  the contractor  compared with a l i s t  
of unof f i c i a l  weights compiled a t  GAEC. 

The reasons f o r  t he  comparison are: 

1) O f  the  items c l ea r ly  agreed t o  be G.F.E., 
t he re  are weight differences between the  
o r i g i n a l  values and those of column 2. 

2 )  There are items indica ted  as G.F.E. by 
var ious sources on which the  contractor  
would l i k e  confirmation. 

It i s  very des i rab le  t o  have the  G.F.E. l ist  broken down 
i n  the  d e t a i l  shown i n  column 2, with the  addi t ion  of sizes,  volumes 
and o ther  required provisions (i.e. energy, duty cycle, e t c . ) .  

This w i l l  a i d  the  contractor  in:  

1) Calculation of accurate  mass p rope r t i e s  
(i.e. weight, cog .  and i n e r t i a s )  f o r  the  
vehic le  i n  various phases of t he  mission. 

2)  Evaluating volume and s torage consider- 
a t ions.  

3 )  Providing power f o r  those G.F.E. items 
requi r ing  it. 

Current r epor t  weights are indicated on Table 6 with 
a s ing le  a s t e r i s k  (*). 
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Table 6 

1.M.U. 1 
Range D r i f t  Unit ** 1 
L. G. C. 1 
P. S.A. 1 
N. V. B. 1 
Cabling 1 
S t a r  Maintenance Book 1 
Cold P l a t e  

Original  Present ly  Ll W t .  Remarks 

teed W t .  Weight 
QT Guaran- Indicated 

C r e w  Provisions 

4.1 C r e w  Accessories 
4.1.1 Space S u i t s  2 

Torso 2 
H e l m e t  + Integ. Comm. 2 
& Telem.  
Boots - Lunar Explor- 2 

Gloves 2 
Thermal Coveralls 2 
Const. Wear Garments 2 

0 
, .  u b l U U  

Emergency 02 System 2 

Accessories: 
S u i t  Press. Gage 2 
" LOW Pressure Warning 2 
High 02 Flow Warning 2 
S u i t  Press. Relief V a l =  2 
Connectors 2 
Sewing K i t  1 or2 
Lubricant 1 ar2 
Tools & Bel t .  2 
Adhesive l a r  2 
Patches 4 
Gloves 2 
Disconnect Seals lor2 

* Reported weights. 
** Currently c a l l e d  AOT & Eyepieces. 

187. o 
60.0 
20.0 
60.0 
25.0 -- 
2000 
2.0 
-i 

151.5 -35.5 Present weights 

42.0* -18.0 E-1142 Rev. 17, 
24,5* 

based on MIT Re@ 

+ 4.5 dated Feb. 15, 1964. 
45.8* -14.2 
27,2* + 2.2 -- 
10.0* -10.0 
2. o* -- 

465.0 528.6 +63.6 

(60.0)* (68.0) (+8)  
24.0 
12.4 Incl .  I n t e g r a l  

Communication and 
8.8 Telemetry Provi- 

2.2 

2.0 

s Lulls. 

13.2 

5.4 

GAEC is  not  c l e a r  
i f  these i t e m s  are 
an i n t e g r a l  p a r t  of 
the s u i t  and, 
therefore ,  are 
assumed t o  be 
included i n  weights 
f o r  i t emized  space 
s u i t  a r t i c l e s  noted 
above. 
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Code 

4.1.2 

- 

4.1.3 

4.1.4 

4.2 

4.5 

4.503 
4.5.2 

I tem - 

Table 6 -Conto 

n 

PLSS 2 
Motor - Inver te r  2 
Fan 2 
Battery 2 
H 0 Boiler & Separator 2 

2 
2 U s e f u l  H20 

Primary 02 Regulator 2 
Multiple G a s  Connector 2 

S f ave H20 

Primary 02 Tank 2 
o2 2 

Flexible  Hose 2 
Steam Back Press. V a h  2 
L i O H  Cannister 2 
L i O H  Cartridge 2 
In t eg ra l  Cannister 2 
S t ruc ture  
Miscellaneous Sensors 2 
Support Harness 2 
Foamed Cover 2 
Miscellaneous Brackets 2 
Boiler Mounting P la t e  2 

E l e c t r i c a l  Harness 2 
Communications & Telem. 2 

Remote 02 Control 2 

Radiation Dosimeter 2 

Miscellaneous 

GFE Spares 
Seals - Contaminent 
Container 
Debris Trap, Sponge 
Prim. 02 Qty ind ica tor  
Antenna 

C r e w  2 

Sustenance & Assoc. 
Equipment 
Food 
F i r s t  Aid K i t  and 
Preventive Medicine 

Or ig ina l  
Guaran- 
teed  W t .  

60. o* 

5 . 0 ~  

0 

-- 

340.0 

(03 

0 
0 

* Reported weights. 
** These i t e m s  are accounted f o r  under ECS. 

1 Apri l  1964 
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Present ly  A W t .  Remarks 
Indicated 
Weight 

(81.2) 
5.5 
1.9 

21.0 
9.7 ** 
** 
39 2 
1.8 
6.5 
1.8 
2.4 
1.6 
2.6 

3.3 

- 5  
1 .3  
4.4 
3.1 
10 7 

.6 
- 3  

8.0 

5.0 

8.0* 

** 

-- 

353.2" 

(13.2) 

10.7* 
2.53~ 

+21.2 

0 

+ 8.0 

-- 

+13.2 

(+13* 2 ) 

+lo. 7 
+ 2.5 

See GFE spares  
noted below. 

Present ly  indica- 
t e d  weights per  
R e f .  17. 

Undefined - added 
per  te lecon with 
J.L. Wzllard. 
Undefined 

Change from 65 t o  
75 pe rcen t i l e  men. 

Added per  NASA 
L t r .  UCAL-63-97 
(DBC; Sh) dated 
25 Sept. 1963. 
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Table 6 -Cont. 

Original Presently 
Guaran- Indicated 

QTx teed Wt. Weight 

AWt. Remarks 

Code 

4.6 
- 

7.3 

11.3 

Item 

Waste Management 
Urine & Fecal Removal 
Equipment 
Vomitus Removal Equip. 
Vomitus Container 

- 
GAEC is not clear 
if these items are 
an integral part 
of the suit and, 
theref ore, are 
assumed to be 
included in weights 
f o r  itemized space 
suit articles. 

Weight breakdown 
per Ref. 3. 

250. o* 250.0 Instrumentation 

Scientific Equipment 
Lunar Atmosphere 
Analyzer 
Gravi tome ter 
Magnetometer 
Radiation Spectrometer 

20.0 20.0 

5.0 
10.0 
20.0 
12.0 
50.0 
8.0 
10.0 
115.0 

5.0 
10.0 
20.0 
12.0 
50. o 
8.0 
10.0 
115.0 

Specimen Return Container 1 
Geological Equipment 
Seismographic Equipment 
Soil Temperature Equipment 
Miscellaneous Includes: (1) still 

& (2) motion pic- 
ture cameras, TV 

& 1 gimbal mounted 
telescope. 

a u a i i i a r y  i i g i i  Liug, 

- 0 g.0 +9.0 Communications 

Television Added per NASA 
+boo ?wx SES-12-189/ 
+2.5 T701/63-160 APCAL 
+2.5 

11.3.1 Camera, Portable 
11.3.2 Lens 
11.3.3 Camera Thermal Equipment 

0 4.0* 
0 2.53~ 
0 2.5* 

63.0 56e 5* - -6.5 Controls & Displays 

12.3.1 Govern. F’urn. Equipment 
CDU 
Miscellaneous C & D 
A.G.C. C & D 
Eye Register f o r  Reticle 
Two Digit Readout for 
Reticle 

Present weights 
+9.O based on MIT 
-35.0 Report E-1142 
+l9.5 Rev. 17, dated 

1 5  Feb. 1964. 

6.0 15.0 
50.0 15.0 

19.5 
2.0 2.0 
5.0 5.0 

-- 

+3&6 Total Weight 

* Reported weights. 
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1. 

2. 

3. 

4. 

5 -  

6. 

7. 

8. 

9. 
_ I _  

I U  . 

11. 

12. 

13 

14. 

15  

16. 

17- 
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